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Studies of the naturally occurring bacterial spore population from Cape
Kennedy soil were continued. As reported last quarter, the extinction
of the population (Nem3 x 10% spores per strip) when exposed to 125 C
was beyond 16 hr. Additional preliminary attempts to determine the 125 C
end point at 25 and 30 hr were unsuccessful. ALl broth tubes into which
heated strips were placed (QR 31) were positive for growth within 5 days
of incubation at 32 ¢, An egual number of uninoculated control strips
included in each run remained negative after 5 days of incubation.

After 48 hr of heating, however, 30 strips and 30 uninoculated controls
were all nepgative for growth after 1 week of incubation. An FN-MPH
testing system (QR 26) was therefore designed accordingly. Sixty inocu-
lated strips end 60 control strips were suspended in the oven and 10 of
each were removed at l.5-hr intervals out to L8 hr. As strips were
removed and cooled, they were placed in tubes of "TSA broth" plus 0.1%
soluble starch and 0,2% yeast extract (QR 26) and incubated for 1 week
at 32 C. All control strips were negative and the number of positive
tubes per replicate of 10 at each heating interval was as follows:

Hr at 125 C _ Tubes positive/l0

L0.5
k2,0
13305
45,0
L6.5
48,0
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The average Djpsco value as determined by the Stumbo, Murphy, Cochrane
method described by Pflug and Schmidt (QR 26) was 8,9 hr. Positive tubes
were streaked onto Trypticase Soy Agar (TSA). All isolates were
Gram-positive sporeforming rods.

Figure 1 shows the composite results of two series of experiments. The
first was a plating of viable survivors out to 4 hr maximum heating time
at 125 C (QR 31). The second was a similar experiment with e maximum
heating time of 9 hr. In the O«l hr runs, four strips were suspended at
each interval on each of 3 days. The 0~9 hr runs were similar except
that five strips were suspended at each interval on each of 3 days. The
figure shows the averages of duplicate platings of each strip at each
interval. The zero and Ll-hr intervals are overlappings of the two experi-
ments, and parentheses indicate an additional plate count average at
that data point.s The Dypge value derived from a line best fit to the
average value at each intérval (excluding Ny) was 13.9 hr.

After observing the obvious tailing of the survivor curve, it was

decided to investigate the possible protective effects of the soll par-
ticles involveds A second sample of soll was collected at Kennedy Space
Center (KSC) at the same locations as the initial sample (QR 31). This
soll was treated in the same manner as the first except that 1t was passed




[\

through the sieve series in a completely dry state. The materlial which
passed throupgh the L3-micron screen had a consistency similar to talcum
powder. ree O,ngm portions of this dust were sterilized-~one in &
conventional dry air oven (175 C, 3 ur}g the second in an autoclave

(121 ¢, 20 min), and the third by ethylene oxide (ETO) (100 F, L5% R.H.,
11% ET0 in Freon, 10 psi, 16 nr). The three samples, each contained in
an open 25 x 125-mm screw capped tube, were allowed to stand at roonm
temperature in a horizontal laminar flow clean bench for 2 days prior to
the addition of Bacillus subtilis var, niger spores (BGSSM-10, OR 25)

in 95% ethanol (20 ml of=~3 x 102 spores per milliliter). The resulting
suspensions had epproximately the same soll and spore concentrations as
the original suspension (GR 31), Heat studies of each suspension were
conducted in the usual manner, employing four strips at each interval ,
on each of 3 days. In parallel with the B. subtilis var. niger plus each
soil, an equal number of strips inoculated with & corresponalnw dilution
of tne spores without soil were assayed as controls, Figures 2,3, and I
show the results. Indicated are the means, ranges of plate counts,

best fit lines (ignoring ho) and DlZSC values of each system. Perheps
the most striking observation of Figures 2 and 3 1s the relatively
narrow plate count ranges of the spore-soil systems as compared with
those of the ethanol controls. During the inoculation procedure, each
tube of spore-soil suspension contained a small magnetic stir bar. Each
tube was insonated for 12 min prior to inoculation and was kept on a
megnetic mixer between £illings of the 0.l-ml Eppendorf{ pipette., This
was necessary in order to maintain a homogeneous suspension of soil. In
contrast, the spores in ethanol were insonated and vortexed. Ten sirips
were inoculated and the tube was revortexed before inoculating the next
10 stripss The constant agitation of the spores with soil probably
resulted in more uniform deposition and therefore the narrower plate
count ranges. In both the dry-heated and autoclaved soil systems, a
slight shoulder was observed during the first LO min of heating. The
soll particles masy have been offering a small amount of protection to
the spores, perhaps changing the come-up time of the strips or retaining
moisture, thereby accounting for the slightly higher D-values. Statistical
analysis of these data has not yet been completed, therefore no state=-
ment can be made as to the significance of the indicated D-values. The
control values and added solil values in both systems are very similar,
however, and the soil particles seem to be contributing very little, if
.eny s protection,

L

Results from heat studies of the spores plus the ethylene oxide-sterilized
soil and the corresponding control are shown in Figure 4, No explanation
can be given at this time to account for the Dyogc value of the ETO-
sterilized soil system being over twice that of the control value. When
compared to the soils sterilized by the other two methods, the ETO has
apparently added something to the soil thereby protecting the spores, or
else the dry heating and autoclaving have altered some protective mechanism
of the soil., Investigation of this phenomenon will continue.
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cur laboratory have indicated that pr
niger spores in 9)ﬁ ethanol or in water does not affect hest resistance,
However, to examine this possibility when dealing with naturally occur—
ring spores, portions of the completely dry-processed KSC soll were suse
pended separately in filter-sterilized 95% ethanol and in sterile deionized
distilled water, Strips were inoculated and heat processed in the sane
manner as the previous experiments. Figure 5 shows the results when
ethanol~ and water-suspended solls were run in parallel on each of 3 days.
The survivor curves were equivalent and essentially paralleled the sur~
vivor curve obtained with the original suspension (QR 31).

From these observations, it was concluded that the relatively hipgh dry
heat resistance of the naturally occurring spore population is due pri-
marily to intrinsic characteristics of the spores themselves and not to
protection by the soil or by suspension in ethanol.

During the next quarter, additional investigations of the soil inoculun
will include isolation, identification, subcultured spore preparation angd
subseguent dry-heat-resistance testing of survivors from the latter
portions of the curve, In addition, the cycle verification tests at KSC
(QR 30) will be initiated after preliminary equipment checkout.

At the Spacecraft Sterilization Technology Seminar in Williamsburg, Va.,

Dr. John Brewer pointed out the possibility that the naturally occurring
spore inoculum from KSC soil (QR 31) may contain high numbers of thermophilic
organismss Duplicate stainless steel strips were inoculated and pro-

cessed in the usual menner to obtaln an Ny value., Duplicate dilutions

from each strip were incubated for 1 week at the following temperatures:

25 Cy 35 C, 45 C, and 60 C. Average spore concentrations obtained from

the 10-3 dilutions at the first three incubation temperatures were 4.6 x th,
3.6 x 10%, and 3.4 x th, respectively. One week of incubation at 60 C
resulted in averages of 5 and 2 colonies at the 102 and 10-3 dilutions,
respectively. During the next quarter, incubation temperature studies

will be conducted using heat-injured spores from this inoculum.

Studies were continued to determine if microbiological air sampling in
spacecralt assembly areas can be used to estimate numbers and types of
microorganisms on spacecraft surfaces., Experimental work concentrated
specifically on the membrane filter field monitor because its small size
and ease of operation were considered desirable characteristics for air
sampling in and around spacecraft.

A basic question was whether airborne viable particles consisted of
similar numbers and types of microorgenisms as viable particles found on
surfaces, To investipgate this question sterile stainless steel strips
(60 per tray) were exposed to environmental contamination. Twelve
strips were retrieved at intervals between 5 and L7 days of exposure,
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Siw strins were placed in separabe prepoured TSA,élat&s end the strips

were then overlaid with TSA. The remaining six strips were plaoced in
terile 250-nl Erlenmeyer flasks containing 50 ml of sterile

3 e solution and insonated for 2 min. The entire 50 ml was

D ) ml of double strength TSA., All membrane filter air

5 am S we collected on a manifold which held six field monitors (QR 31).

Ee i lter sampled at a flow rate of 1/3 CFM for a period of 30 min.

After sampling, three filters from each manifold were placed directly

onto the surfaces of TSA plates and the remaining three filters were

placed face down in each of three sterile 600-ml beakers containing .

50 ml of standard rinse solution. These beakers were insonated for 2 min,

and the entire 50-ml portion was plated with 50 ml of double strength
TS5A, Insonated stainless steel strips and membrane filters were plated
to ascertain complete removal of microorganisms from their surfaces, AllL
plates were counted after 24, 48, and 72 hr incubation at 35 C. Table 1
shows the results obtained from the stainless strips and air sampling
experiments conducted in the laboratory area. The mean number of micro=
organisms per viable particle found on the strips was epproximately twice
that found on the membrane filters., This difference was statistically
significant, Table 2 shows the results of the same sampling procedures
performed in the Menned Spacecraft Operations Building (MSOB), The mean
number of microorganisms per viable particle collected on filters was -
comparable to the mean on stainless steel strips in this location. How-
ever, it was evident from observation of the day-by-day results, as well
a3 the high coefficients of variation associated with the means in both
locations, that extreme variation was inherent in the parameter that was
measured, When variation of this magnitude exists statistical tests for
significant differences are of questionable value. Accordingly, the fact
that the means were comparable in the MSOB and differed by a factor of
two in the laboratory was understandable when compared, for instance,
with an 18-fold difference between stainless steel strip data collected
in the MSOB on T-22-70 and T-27=T0,

A sample of microorganisms from insonated stainless steel strips was
isolated and identified, These results are presented in Table 3. It was
evident that the freguency with which certain types of organisms appeared
on stainless steel strips differed from that observed on the filters.

This was not wnexpected in view of the differences in resistance of
various types of microorganisms to prolonged exposure in the micro-
environment of a stainless steel strip surface. However, as a crude
measurement system the menmbrane filter has some value in that 1t reflects
the major components of the microbial population on stainless steel strips.

To devermine whether the freguency of occurrence of various types of
microorgenisms on & direct-plated membrane filter was affected by Iinsone
ation of the filter, a sample of organisms was identified from direct-
plated filters collected at the same time as the insonated Tilters.
These results are presented in Table L., In both locations a relative
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An experiment was conducted to deternmine whether differences in the flow
rate at which m@mbrane filter cjd monitors operate result in different
values for the centration of alrborne viable particles. On each of
12 days six o&mplCo were collected ot aflow rate of 1/2 CFM wnile 18
semples were collected simultaneously in the same area at a flow rate

of 1/6 CFM. Each filter sampled a total of 30 £t3 of air. The results
are presented in Table S5 and show that no significant difference was
observed between the mean results of the two sampling procedures.

Two membrane filters, one 0,45 micron pore size and one 0.8 micron pore
size, were compared for their ability to recover microorgenisms from air.
The results (““ble 6) showed that although the mean recovery value for

- the O.8-micron filters was greater then the value for O.L5-micron filters,
the difference was not statistically significant. The O.8-micron filter
as then compared with the Reyniers slit air sampler. Two Reyniers
amplers and one manifold were placed adjacent to each other and run
imultaneously. The O,8-micron filters were less efficient than the
Reyniers air sampler for recovering microorganisms (Table 7). The
difference vas considered to be significant (P<.05)., These results were
similar to those obtained when a O,4S5-micron filter was compared to the
Reyniers air sampler (QR 31)., Although the membrane filter method
recovered 25% fewer viable perticles than the Reyniers sampler in the
clean room environment of the MSOB, it might be of value as an index of
the levels of viable particulate contamination in an environment where
the use of a Reyniers alr sampler is restricted. The types of micro-
organisms isolated and identified from samples collected by both methods
were similar {QR 31).

-
Z

6]

w

Studies were initiated to determine the maximum time a six-stage
Andersen sampler could be operated without desiceation of the agar and/or
subseouent loss of viable microorganisms. Two samplers calibrated to

aw 1 CFM of air were run for 30 min side by side in the intramursal
V*”Opmenﬁ of the laboratory (66% R.H. and 76 F). One sampler was
ejecco as a control, stopped, and the plates were lncubated at 35 C,.

e other sampler, designated as the test sampler, was momentarily
oppea9 moved to a laminar flow clean bench and restarted. After

running 1 hr in the clean bench, plates were removed and incubated st
35 C. i&DLC 8 shows the fcuults obtained. No significant difference

vas obscrved between total plate counts from the two samplers. In a
secona KGJ the test sampler was run for 3 hr in the laminar flow
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and then moved to a S&zz:u ing area for a l=hr arallel
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zsults are shown on Teble 9. Again no
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i L to evaluate certaln sspects of the swab-rinse tech-
continued during the past quarter. That portion of the ztudy
designed to determine the mean per cent removal and recovery of naturally
occurring microorganisms from surfaces for each of several "expericnced".
individuals and the variation associlated with these wmean values was come
pleted, The methodology was described in QR 31. Results of this portion
of the study are presented in Teble 10. It was evident that little or
no difference existed between the wean values of removal achleved by the
three individuals. Furthermore, the coefficlents of variation of the
removal values were remarkably similar to the three individuals., The
mean values of per cent recovery were also quite similar, as were the
coefficients of variation assoclated with these means. As suggested in
the last report, the grester cocefficlent of variation observed for
recovery values, when compared with those for removel values, indicated .
that some factor other than technician variation was responsible for the
inconsistency of regovery from strip to strip.

Statistical tests determined that significant differences did not exist
between either the removal or recovery values of the three individuals,
Further tests showed recovery and removal values to be independent of

the concentration of microorganisms on the strips, which ranged from 46
to LOT per b-sg-in area. Accordingly, it was felt that the combined
results from three individuals could be used to calculate valid mean
velues for individuals experienced in the use of the swab-rinse technique.
These mean values were used as a baslis for comparison with values
obtained in subsequent aspects of this study.

The second phase of this study was designed to determine whether indi-
viduzls with no experience using the swab-rinse technique achieved
significantly different results than "experienced" individuals., Indi-
viduals representing a variety of occupations and training were asked
to participate in the study provided they had never previously used

the swab-rinse technique., The purpose of the experiment was explained
to each individual and a brief demonstration of the technique was given.
e individual was then permitted to practice the technique on a single
« The practice period was accompanied by further instructions and
ctions of technigue. Each individual then swabbed four 2" x 2"

s+ All other laboratory procedures and the analysis of data were
{ical to those described for the "experienced" individuals.

30 "inexperienced" individuals participated in the study. The
< idy are compared with the resulis of the three "exper=
i in Table 1k, It was found that &fiemcval rate of
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nificently higher then the rate of L3% fTor the "experienced" individuals
(P<,0001). It also was observed that the coelficientof varistion for

the removal value achieved by the "inexperienced” group was twice that

of the "experienced" group, indicating less comsistency in the performance
of the “inexperienced" individuals. However, little difference was
observed between the ccefficient of variation of the recovery values for
the two groups. This observation supports the suggestion that the
variation in recovery is relatively independent of and much greater than
the variation imparted in the swabbing procedure.

It was found that the "inexperienced" group could be further divided into
two comparably sized groups on the basis of laboratory experience.

A laboratory group of 16 consisted of individuals whose day-to-day

tasks involved the performance of microblological or chemical procedures.
The nonlaboratory group of 1h consisted of individuals performing other
tasks such as office,; maintenance and animal care procedures, Table 12
compares  the results achieved by these two groups. It was found that

the "inexperienced" nonlsboratory workers had a lower removal rate with

a2 higher coefficient of variation than did the "“inexperienced" laboratory
wvorker group. It was also noted that the recovery rate for the nonlab-
oratory group was higher than that for the laboratory group while the
coefficient of variation for recovery values showed no consistent pattern.

The observation of inverse correlation between removal and recovery rates
was further tested to determine whether it was significant or simply an
artifact. A statistical test for rank correlation between the 30 removal
values and the 30 recovery values achieved by the three "experienced"
individuals was performed. An inverse correlation between the values

was found to be significent at the 95§ level. A similar test was applied
to the removal and recovery values from the 30 "inexperienced" individuals
and again the correlation was inverse and significant at the 98% level.

No substantiated explenation can be offered for the consistency with which
high removal values are associated with low recovery values.

In response to interest expressed by personnel at the Jet Propulsion
Laboratory a study was designed and conducted to determine whether swabe
bing a surface with a dry cotton swab rather than a moistened cotton

swab significantly affected removal and recovery results. Two "experi-
enced"” individuals each swabbed five sets of six 2" x 2" strips using

dry cotton swabs. Experimental procedures and data analysis were similar
t0 those previously described for swabbing studies. The resulis achieved
with dry swabs are compared with results achieved by "experienced"
individuals using moistened swabs (Table 13). The removal value of 95%
for dry swabs was significantly higher than the 91% for moistened swabs
(P<.01). However, the recovery rate of. 38% for dry swabs was not




significantly lower than the rate of 437 for moistened swabs. Therew
fore, Tor purposes of estimabing microbisl contamination levels on
surfaces exposed to airborne fallout, it would appesr that the dry
swabbing technique would not produce significantly different results

than the standard technique, It was noted that the coefficients of
variation for both removal and recovery were lower for dry swabs than

for moistened swabs, suggesting greater consistency with this technique. ’

During the past quarter assays for buried microbial contamination were
completed on five types of electronic piece parts designed and manue
factured for use in spacecrafts Langley Research Center provided 50
units of each component type, along with a general description of the
manufacturing process and heat history. Each type of component was
tested for its ability to fracture uniformly since such fractures per-
mit the use of a microbial concentration estimation technique developed
at this laboratory (QR 18-21). It was found that only one of the five
types would consistently produce uniform fracture surfaces. A second
type occasionally produced uniform fracture surfaces and components of
this type, along with the remaining three types of components, were
assayed in ways specifically designed for their respective structures.

The component that fractured wniformly was & cylindrical fixed-composition
resistor weighing 2.1 g and having a volume of 0.8 mm3. The part is
manufactured using & hot molding process which maintains a temperature
of 125 C for several seconds., Fifty resistors were surface=sterilized
by exposure to a 2% solution of peracetic acid for 15 min., Ten resis—
tors were tested as surface contaminstion controls by placing them in
individual tubes of TSB and incubating for 20 days at 32 C. All tubes
were negative for growth at the end of this period., One tube was then
tested for the presence of inhibitory substances by inoculating with
approximately 1 x 102 spores of Bacillus subtilis var, niger and again
incubating at 32 C. Turbidity was observed within 24 hr, The remain-
ing 40 resistors were aseptically broken in half using sterile crescent
wrenches, and each resistor half was placed in a tube of TSB and incu=
bated for 20 days at 32 C. No growth was detected in any of the tubes.
Knowing the proportion of fractured components that was positive for
microbial growth and the area exposed by fracturing it was possible

to estimate the concentration of microblal contamination in the resise
tors, Using tables prepared by Exotech, the 95% upper and lower con-
fidence bounds of the estimate based on these data were calcuated to

be 5.7 x 103 and 0,0 organisms per cubic inch of materisl, respectively.

The second type of component occasionally producing a uniform fracture
was a semiconductor rectifier weighing 2.6 g and having a volume of
Ll.b mm3. This component is injection molded from a bakelite type material =
at approximately 95 C, Diodes embedded in the bakelite body experience
a manufacturing heat of 180 C. The exact duration of exposure to these
temperatures is not known, Ten units of this component were subjected
to the surface sterilization and verification procedure described




earlier, It was possible to achleve & uniform frachure in 10 of the
remaining 40 units., These fractured units were processed in a manner
identical to that for the resistors. No growth was detected and the upper
and lower 95% confidence bounds for the microbial concentration in these
parts was estimated at 1.0 x 10" and 0.0 orgenisms per cubic inch, respec-
tively., FEach of the remaining 30 units was aseptically pulverized in a
Pica blender mill for 1 min., The resulting powder was placed in a tube
and 20 ml of standsrd rinse solution was added. The tubes were vortexed
and then insonated for 2 min, and the tubes were allowed to stand for

3 hr to permit separation of the powder and the rinse solution, Ten
milliliters of rinse solution were withdrawn and plated in single strength
TSA in 150 mm dis plates, Ten milliliters of double strength TSB were
added to the tube containing the powder and remaining rinse solution,

All tubes and plates were incubated for 20 days at 32 C, at which time
they were observed for evidence of microbial growth. One colony was
detected on one TSA plate. Isolation and subculture of this colony was
extremely difficult although a variety of techniques and media were used.
Sufficient growth for microscopic examination was finally achieved and-
the organism. was classified as a Gram—positive rod with no evidence of
spore formation, Biochemical tests were not successful because of lack

of growth, All other plates and tubes from the 30 components assayed
were negative.,

A third type of component that could not be uniformly fractured also was
assayed using the pulverization technique described above. This compo-
nent was an adjustable core coil form weighing 7.8 g and having a volume
of 4,0 mm3, The component is hot-molded at 180 C from a nylon-like
material, Surface sterility tests were negative for growth as were all
plates and tubes from the 40 units that were pulverized.

A fourth type of component was a fixed wire-wound resistor weighing 4.8 g -
and having a volume of 2.5 m3. This component consisted of two wire
coils that were machine wound in an open factory area and subsequently
potted in epoxy at approximately 65 C for 4 to 8 hr. Twenty-seven com—
ponents were disassembled using sterile hand tools and employing strict
product protection techniques in s horizontal leminar flow bench located
in a vertical laminar flow clean room. FEach disassembled component was
placed in a besker containing 150 ml rinse solution. 7The beaker was
insonated for 2 min and three 50-ml portions of rinse solution were

plated in double strength TSA in 150 mm dia plates., After removing the
rinse solution the pieces were submerged in 150 ml of TSB. Plates and
beakers were incubated for 20 days at 32 C., All surface sterility tests
were negative for growth as were all beakers and all but two TSA plates,
One surface colony appeared. on one positive plate and the organism was
isolated and identified as a Bacillus sp. Two submerged colonies appeared
on a second plate. However, the same difficulties were experienced in
subculturing these colonies as were described earlier. Microscopic
examination of the scant growth achieved indicated both organisms were
nonsporeforming Gram-positive rods.
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The fifth type of comnone*t was a mylsr capacitor welghing 3.5 g and
having a volume of 2.2 mm3, This component consisted of mylar and
aluminum films rolled into a cylinder with a plestic tape outer coating
and soldered ends. Production was in an open Tactory area, and the come
ponents were not subjected to healt at any time. Asseys of these units
were conducted in & manner similar to the disassenbly procedure described
previously. Surface sterility tests were negative for growth. Twenty=
~ seven cepacitors were asssyed and one TSA plate had a single submerged
colony. Subeculturing of this colony also proved difficult, and micro-
scopic examination indicated it was a nonsporeforming Gram~positive rod,
Five TSB beskers showed visible turbidity and subcultures of the growth
showed two beakers with bae¢illiy one with a coccus, one with a mold and
one an actinomycete, The component that produced one colony in TSA waes
negative in TSB, It was considered of interest that the one type of
component having no history of heat in its production process produced
the most positive samples.

In the last quarterly report (QR 31) results of tests of the efficacy of
the standard peracetic acid decontamination procedure showed that LO%

of the experimentally contaminated piece parts remained contaminated

after treatment. It was suspected that the concentration of the stock
peracetic acid had deteriorated with time. A new supply of acid was
obtained and compared to the old ac¢id using four different types of resise
tors experimentally contaminated to & level of 1 x 10” spores per part.
The results of the first comparison are presented in Table 14 and demon-
strated that the new acid was more effective than the old acid but still
failed to decontaminate 32% of the parts tested.

The test was repeated using a contact time of 10 min, twice the standard
S5-min contact time. The additional contact time resulted in greater
effectiveness as shown in Table 15, but 14% of the parts remained con-
taminated in the new acid. It was also noted that certain types of
resistors were more likely to be positive than othér types, suggesting
some protective effect associated 'with the type of surface on which the
contamination was deposited. The results of these tests re-emphasize
the necessity for regular use of surface sterility controls in experl-
ments concerned with buried contamination,




TARBLE 1. COMPARISON OF VIABLE MICROORGANISMS PER VIABLE PARTICLE USING

STAINLESS STEEL STRIPS AND MEMBRANE FILTER FIELD MONITORS AT

THE SPACECRAFT BIOASSAY LABORATORY.

Exposure of

Mieroorganisms per viable

Microorganisms per

Means are significantly different T= 2,778

Date S5 strips partic¢le on stainless viable particle on
sampled (days) ~steel strips® membrane filters®
5=18-70 7 2.1h 2,99
.5-19-T0 8 3.15 L.47
5=-20-T0 9 2,49 1.08
5-25=70 1k 2.39 2,16
5-26-T70 15 2,17 2,23
5=27~70 16 6.81 2,06
6-2-T0 T 2.51 1.72
6-3-T0 8 T.79 1.10
6=9-70 13 oLl 5,40
6-10-70 1k 3.25 5,60
6~15=70 15 13.04 2.07
61670 16 6,43 4,08
6-17-70 17 11,08 2.39
6=-22-T0 1k 12,58 1.07
6=23=T70 15 21.78 5.79
6-24=T0 16 L.,37 1.36
6-29=T0 T 7.99 4,67
6=30=T0 8 7.64 15,31
T=1=T0 - 9 19.73 2.58
Mean 7.67 3.42
Coefficient of variation 73% oL

2 Average of six strips per day

b Average of nine filters per day




TABLE 2. COMPARISON OF VIABLE MICROORCGANISMS PER PARTICLE USIHG STAINLESS
STEEL STRIPS AND MEMBRANE FILTER FILLD MONITORS AT THE APOLLO

MANNED SPACECRAFT OPERATIONS BUILDING,

Exposure of Microorganisms per viable Microorgenisms per
Date 85 strips particle on stainless viable particle on
sampled (days) steel strips® membrene filtersP
770 8 2.k 17.80
T=8-70 9 : 2.99 ° Ny 4,28
T=13-70 1L 525 3043
T-14-70 15 6.b5 o 2.66
7-15-T0 16 - b.27 Lo 5.23
7=20-T0 5 ‘ 15.18 , 8.20
7-21~70 6 o 7.51 o 6.26
7-22-70 7T 27,92 | 3.88
T=27-T0 12 o 1.53 N 6.68
7-28-70 13 6.98 A 5.2k
8=3-70 T 1.16 ~ - 2.65
8-4-70 8 1.98 : 16,53
Mean 7.2é | | 6.90
Coefficient of variation 100% | ' 70%

Means are not significantly different T = 0.120

a Average of six strips per day

Average of nine filters per day




TABLE 3. FREQUENCY OF OCCURRENCE OF TYPES OF MICROORGANISHS IDENTIFIED FROM INSONATED MEMBRANE FIITERS

AND STAINLESS STEEL STRIPS,

376

Spacecraft Bioassay Laboratory | MsoB®
Types of Membrane filters SS strips Membrane filters 58 strips
microorganisms % % % %
Nonsporeforming Grame
positive rods kh,1 17.3 71.0 ’ ‘ L&, 0
Gram~-positive coccil 31.8 50.2 2L, 6 | Li.6
Gram-negative rods 0.2 0.3 0.7 0.7
Gram-negative cocel 0.0 0.3 0.0 , 0.0
4 Actinomycetes 8.9 2.9 1.8 ' L.l
Yeasts 1.7 1.6 0.0 ’ 2.k
Molds 2.2 2.9 0.k 3.1
11.1 24,5 “1e5 | 2.1
TOTAL 100 100 100 100
NUMBER IDENTIFIED Lo6 276 291

% Menned Spacecraft Operations Building




TABLE L. FREQUENCY OF OCCURRENCE OF TYPES OF MICROORGANISMS IDENTIFIED FROM DIRECT-PLATED MEMBRANE

FILTERS- AND INSONATED MEMBRANE FILTERS.

Spacecraft Bioassay Laboratory M50B @
Menbrane Merbrane filters Membrane Membrane filters
Types of filters insonated filters insonated
microorganisms % % % %
Nonspéreforming Gram- , ,
positive rods 2k, Lh,1 - 16.5 71.0
Gram~positive cocci | Lhi.2 k 31.8 T T1.3 2L 6
Grem-negative rods 0.7 - 0.2 ‘ 0.0 i ‘ 0.7
Grémmnegative cocel 30,2 - . 0.0 ' 0.0 ] Ak 0.0
Actinomycetes 5.2 ’ 8.9 0.5 | 1.8
Yeasts | 5.2 “ 1.7 | 2.1 | 0.0
Molds S <L.8 ‘ 2.2 6ok 0.k
Bacillus spp. 18.6 | 11.1 3.2 | 1.5
TOTAL | 100 100 100 ; 100

NUMBER IDENTIFIED 420 406 188 276

& Mannea Spacecraft Operations Building




TABLE 5., COMPARISON OF 1/2 CFM FLGW‘RATE AND 1/6 CFM FLOW RATE PER FPILTER

IN THE APOLLO MANNED SPACECRAFD OPERATIONS BUILDING.

Viable particles per £t3

Date sampled 1/2 CFM flow rate®  1/6 CFM flow rateP !
8~2L4-70 0.53 , ~ 0.67
82570 AR 0.62 = 0.68
8-26-70 B 0.67 | - 0.72
8-31-70 | S o0 0.52
9170 0.60 L
9-2-70 ‘ k 0.82 o - 0.78
9=1kwT0 0.70 : 0.93 |
9=15-70 o 0,47 | | 0.65
9-16-70 . 0.80 o 0.98
9-21-70 L 1.23 | 1.32
9-22-170 | | 0.95 | 0.71
9=23-70 1.73 | 1,92

Mean 0.82 0.91

Means are not significantly different T = 0.599

& Average of six filters per day

o Average of 18 filters per day




TABLE 6. COMPARISON OF O,8-MICRON MEMBRANE FILTER WITH O.L5-MICRON MEMBRANE

FILTER IN THE APOLLO MANNED SPACECRAFT OPERATIONS BUTLDING,

PRSI . 3
Vieble particles per rt3

Date sampled .  A 0,8-micron pore size& O.kSemicron pore size®
8-24-70" 0,67 0.L9
8-25-70 ’ . 0.68 0.52
8-26-70 o o 0.72 0.50
8~31-70 : - 0.52 0,69
9=1-70 ‘ | 1.02 0,18
9=2-70 . 0.78 0.71
9-14-70 o  0.93 0.72
9=15=T0 ‘ o 0.65 0.73
9=16-70 B , 0;98 0.9k
9=21=T0 ‘ L.32 1.40
9-22-70 < | 0.71 0.69
9=23=T70 :1.92 1.81
Mean 0,91 0,81
Means are not significantly different T = 0,627

a Average of 18 filters per day
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TABLE 7., COMPARISON OF REYNIERS SLIT AIR SA

PTG T T Y
e 1D

FILTERS IN THE APOLLO I 0

o

Date sampled Reyniers sampler®  0.8-micron membrene filter®
8~2L=70 | 0.75 _ 0.67
8-25-70 o 1.0k | 0.68
8-26-70 0.7k 0.72
8-31-70 . 0.78 | 0.52
9=1-T70 | 1.00 | 1.02
9-2=-T0 ' 1,00 ‘ 0.78
9w=15-T0 : 1.00 0.65
9-16-170 L3k | 0.98
9-21-70 1.76 - 1.32
9=22«7T0 L.28 ‘ O.TL
Mean 1.07 0,81
Means are significantly different T = 2,115

& pverage of six plates per day

Average of 18 filters per day; flow rate per filter 1/3 CFH
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TARLE 8, EFFECTS OF LONC-TERM SAMPLING &0 RECOVERY OF VIABLE PARTIC

7 LT WYLV O AT Y A
USING THE ANDERGEN DAN

Totel viable particles recovered
Date sampled Test sampler® Control sampler®

9=17-70 ' 93 62
9-18-70 165 ' 150
9-18-70 _ 61 L6
9-18-70 I 87 ol
9~21~70 7L 98
9-21-70 175 21k
9-21~70 | 270 261
9-26-70 | 1h7 b
9-28-70 103 17
10270 173 1568
10-2~70 131 ‘ 120

10-2~70 63 | 18

Mean 128 122

Means are not significantly different T = 0,245

& 1/2 hr out in room, 1 hr in leminar flow bench

b 1/2 hr out in room
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TABLE 9, IZFPECTS OF LONCG-TERM Sf &
YO AT Y VTR AR
USIHG THE ANDEH
de oy -y S S g o 3 g e o
Total viable recoverad
el & e ~ o
Date sampled Test sampler Control sampler

10-22-70 50 32
10-23-70 TS 57
10-26-70 96 f 99
10-27-70 52, )
10-28-70 26 3k
10-28-70 | 23 | 25
11-2-70 23 L2
11w3-70 | 3} | | 26
11-4-70 65 g 50
11-5-70 130 | 97

11-6-70 50 61

Mean ' © 60 55

Means are not significantly different T = 0,436

& . | . 5 P .
Run 3 hr under laminar flow bvench: 1 hr out in room

b , L. :
Ll hr ocut in roonm




TABLE 10, COMPARISON OF RESULTS OBTAINED BY THREE INDIVIDUALS WITH SWAB-RINSE TECHNIQUE EXPERIENCE,

Removal Recovery
Nos Mean Coefficient of variation Mean Coefficient of ’variaﬁtion
Individual strips % % % %
A 40 90 L L2 ' 31
B 40 90 5 43 27




TABLE 11, COMPARISON OF RESULYTS OBTAINED BY EXPERIENCED AND INEXPERIENCED INDIVIDUALS USING THE

SWAB-RINSE TECHNIQUE.

Removal Recovery
o Mean Coefficient of veriation Mean Coefficient of variation
Individual strips % % y4 %
3 exDe. 120 91 ok L3 31

30 inexp. 120 - 8L 9 62 . 37




TABLE 12. COMPARISON OF RESULTS OBTAINED BY LABORATORY AND NONLABORATORY PERSONNEL USING TiE

SVWAB-RINSE TECHNIQUE.

Renmoval Recovery

No. Mean Coefficient of variaticn Mean Coefficient of varistion
Individual Strips % % % A
16 lab. 6L 85 8 50 Lo

14 nonlab, 56 83 11 65 32




TABLE 13. COMPARISON OF RESULTS OF DRY SWAB TECHNIQUE WITH MOISTENED SWAB TECHNIQUE.

Removal Recovery
No. Mean Coefficient of variation Mean Coefficient of wvaristion
Technique strips A % % 7
Dry swab 60 95 2 38 20

Moistened swab 120 91 Lo L3 31




TABLE 1k, COMPARISON OF OLD AND NEW PERACETIC ACID USED FOR SURFACE DECONTAMINATION OF ELECTRONIC

PIFCE PARTS--EXPOSURE TIME OF 5 MINUTES.

New acid 014 acid
Part No. tested Per cent positive No. tested Per cent positive
A 8 . 88 ,; o 8 100
B 13 0 13 69
C L 25 L 25
D 3 33 3 o7
TOTAL 28 ~ 32 28 71

Mean level: 1 x 107 spores per part.




COMPARISCN CF OLD AND NEW PERACETIC ACID USED FOR SUR

SURE TIME OF 10 MINUTES,

PACE DECONTAMINATION OF

BTE

Hew acid

-

Foe. tested Per cent peositive

0Ld seid

o. tested

B
=

¢

TOTAL

Mean level:

28 1k

1 x 107 sporés per part,

o

13

28

50
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